Nonspecific chronic hepatitis and increased activities of serum aminotransferases have been reported in cetaceans (dolphins, porpoises, and whales). We identified bottlenose dolphins in our current population with episodic increases in serum aminotransferases, specifically alanine aminotransferase (ALT) and aspartate aminotransferase (AST), and we hypothesized that hematologic and serum biochemical changes in these animals may provide clues as to potential causes of liver disease in cetaceans. A retrospective case-control study involving 1,288 blood samples collected during 1998-2006 from 18 dolphins (six cases and 12 age-and sex-matched healthy controls) was conducted to compare eosinophil and platelet counts; and serum proteins, albumin, globulins, bilirubin, gamma glutamyltransferase (GGT), cholesterol, triglycerides, glucose, iron, and erythrocyte sedimentation rates. Bottlenose dolphins with increased ALT and AST activities were more likely to have higher serum globulins, bilirubin, GGT, iron, glucose, triglycerides, and cholesterol levels, greater erythrocyte sedimentation rates, and lower platelet counts compared to healthy controls. Our findings suggest that dolphins with chronic increases in aminotransferases may have a chronic hepatitis involving iron overload with similar etiologies and pathophysiology compared to terrestrial mammals. Areas for future research include predisposing metabolic risk factors; associations between iron overload and a diabetes-like condition; and a potential overlap syndrome involving autoimmune responses that may or may not be associated with viral infection.
INTRODUCTION
Liver disease has been reported in cetaceans (dolphins, porpoises, and whales) (Bossart et al., 1990; Resendes et al., 2002; Jaber et al., 2003) . Case reports that have described cetacean liver disease etiologies include Sarcocystis (Resendes et al., 2002) , trematodes (Dailey and Stroud, 1978) , hepatitis B-like virus (Bossart et al., 1990) , and suspected acquired immunodeficiency (Bossart, 1984) . Two population-based studies involving stranded cetaceans in the Canary Islands and coasts of Italy reported 38% and 40% prevalence of nonspecific chronic active hepatitis and nonpurulent hepatitis, respectively (Di Guardo et al., 1995; Jaber et al., 2004) .
Etiologies of hepatitis have been extensively studied in terrestrial mammalian species, including dogs (Boomkens et al., 2004) , humans (Bondesson and Saperston, 1996) , and woodchucks (Menne and Cote, 2007) . Causes of chronic hepatitis were once categorized as viral, autoimmune, or metabolic (nonalcoholic fatty liver syndrome); however, all three causes may occur concurrently or in succession to each other (Hui et al., 2002; Lecube et al., 2004; Bugianesi et al., 2006; Nobili et al., 2006; Strassburg, 2006; Wu et al., 2006) .
The most common serum biochemical changes associated with hepatitis in terrestrial mammals are increases in liver aminotransferases, specifically, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) (Bondesson and Saperston, 1996) . In addition to increased aminotransferases and general indicators of inflammation, other hematologic and serum biochemical changes have been reported in animals with chronic hepatitis depending upon contributing viral, autoimmune, or metabolic factors. These changes include hypergammaglobulinemia associated with autoimmune disease (Thiele, 2005) ; high bilirubin and gamma glutamyltransferase (GGT) levels associated with chronic cholestatic disease (Castro-e-Silva Junior et al., 1990) ; thrombocytopenia associated with the degree of liver cirrhosis (Lu et al., 2006) ; high serum ferritin levels associated with diabetes mellitus and iron overload in patients with chronic hepatitis C (Lecube et al., 2004) ; and increased glucose and hyperlipidemia along with diabetes mellitus type 2 and insulin resistance associated with fibrosis and nonalcoholic fatty liver syndrome (NAFLS) (Negro, 2006) . As such, detection of hematologic and serum biochemical changes beyond aminotransferases may serve as a useful indicator of the cause and progression of chronic hepatitis.
The US Navy Marine Mammal Program (MMP) cares for a population of Atlantic bottlenose dolphins (Tursiops truncatus) that live and work in the open ocean. As part of the MMP's vigilant preventive medicine program, these animals receive routine health examinations, are fed a variety of quality-controlled, frozenthawed fish, and receive vitamin supplements. Because MMP dolphins have an ongoing opportunity to ingest wild fish that coexist in their environment, semiannual antihelmintics are provided to prevent parasitic infections. There are currently no vaccines licensed for use in marine mammals. During the past 20 yr, a number of dolphins have been identified with periodic increases of aminotransferases; clinical signs in these animals are limited to mild decreases in appetite. The cause of increased aminotransferases in these dolphins is unknown.
A retrospective case-control study involving current bottlenose dolphins with chronically increased aminotransferases was conducted under the null hypothesis that, aside from increased ALT and AST activities, there would be no additional significant differences when comparing selected hematologic and serum biochemical values of these cases with healthy ageand sex-matched controls over the years 1998 through 2006. Significant differences identified between cases and controls were subsequently compared to existing literature on hepatitis in other mammalian species.
MATERIALS AND METHODS

Sample collection and laboratory analysis
Blood samples were collected by venipuncture from animals trained to voluntarily present their tail for sampling or using behavioral conditioning out of the water on a foam mat during a routine physical exam. Samples were collected using a 20-or 21-gauge 1.5-inch VacutainerH needle (Becton Dickinson VACUTAINER Systems, Rutherford, New Jersey, USA). Blood was collected into a VacutainerH serum separator tube (SST) or a VacutainerH ethylenediamine tetraacetic acid (EDTA) (K 3 ) tube for serum chemistry and complete blood counts (CBC), respectively. Samples marked as ''fasting'' were typically collected 12 to 14 hr after an animal's last feeding.
Samples were chilled for 30 min and centrifuged within 2 hr. Centrifugation was performed at 1,006 3 G at 21 C for 10 min. Fibrin clots were removed, and serum was transferred to a 5-ml plastic submission tube. Whole blood was submitted in EDTA VacutainerH tubes. All samples were sent on ice via courier to Quest Diagnostic Laboratories in San Diego, California, USA.
Automated analyses were used by Quest Diagnostic Laboratories, including the CoulterH LH 1500 Series (Beckman Coulter, Inc., Fullerton, California, USA) for hematology and the OlympusH AU600 (Olympus America Inc., Center Valley, Pennsylvania, USA) for serum chemistry analysis. Paired manual CBC counts using stained slides were routinely conducted on all samples to confirm automated counts, including comments regarding impacts on platelet counts due to artificial clumping. Samples impacted by artificial clumping were excluded from analyses involving platelet counts.
The following hematologic and serum biochemical variables were measured and incorporated into the retrospective study: absolute eosinophil count, platelet count, glucose, total protein, albumin, globulins, cholesterol, triglyceride, lactate dehydrogenase (LDH), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyltransferase (GGT), iron, and erythrocyte sedimentation rate (ESR).
Case animals
A case was defined as an Atlantic bottlenose dolphin in the current MMP population with a minimum of 20 blood samples submitted for hematologic and serum biochemical analysis from July 1998 through October 2006, of which, at least 30% of samples had aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities in higher than normal reference ranges (.255-386 m/l for AST and .41-60 m/l for ALT, based upon the animal's age at time of blood collection) that occurred longer than a one-year period.
Once cases were identified, retrospective analysis and graphing of all serum ALT levels by age were conducted for each case (blood collection years ranged from 1975 to 2006, depending upon the age of the animal). The MMP records associated with identified cases were reviewed for clinically relevant information, including age, sex, clinical signs, and preventive-or treatment-associated medications. Ultrasound-guided percutaneous liver biopsies (16-gauge Tru-cut, Cardinal Health, Dublin, Ohio) were performed on two animals during the study period and submitted to external agencies for histopathologic examination.
Case-control animals
A control was defined as an Atlantic bottlenose dolphin with a minimum of 20 samples submitted for serum chemistry analysis during July 1998 through October 2006 for which no serum samples with ALT and AST activities higher than normal reference ranges were found. Two control animals were matched by age and sex to every case animal. Further, a one-way analysis of variance and a chi-squared test were conducted to assess significant differences in age and sex, respectively, between the case and control populations.
Statistical analysis
Platelet and selected serum biochemistry variable results from nonhemolyzed blood samples were compared between case and control groups; an analysis of covariance using a general linear model in SASH software (Release 8e; SAS Institute, Inc., Cary, North Carolina, USA) was selected to control for varying numbers of serum samples per animal. Time of last feeding has been documented to affect serum biochemical variables in healthy bottlenose dolphins (Venn-Watson and Ridgway, 2007) ; as such, fasting status was controlled for as a covariate in the model. The independent variable was the animal's status as a case or control, and the dependent variables were selected hematologic and serum biochemical variables. Significance was defined as a type-I sum of squares (SS) P value less than or equal to 0.01. Reported means from the general linear model are least squares means controlling for fasting status.
To further assess the clinical significance of the study's initial outcomes, follow-up MantelHaenszel chi-square tests were conducted to compare percentages of clinically high or low hematologic and serum biochemical values, by case or control status, for those variables with significant mean differences. Normal reference ranges were established previously using 1,113 routine, nonhemolyzed blood samples collected from 52 healthy bottlenose dolphins (mean value61.645 times the standard deviation); final reference ranges were determined by sex and/or the following four age categories: 1-5 yr, .5 to 10 yr, .10 to 30 yr, and .30 yr (Venn-Watson et al., 2007) . Samples values were considered to be clinically high if they were greater than the following reference normal high values, in order of ascending age categories: globulins (g/dl, 2.8, 3.1, 3.1, 3.8), GGT (m/l, females 35, 37, 70, 40; and males 36, 40, 49, 40), cholesterol (mg/dl, 282, 257, 257, 280) , triglyceride (mg/dl, 83, 100, 137, 139), iron (mg/dl, females 279, 276, 326, 295; and males 270, 313, 290, 256) , and ESR (60 min, females 19, 17, 19, 17; and males 17, 20, 18, 19 ). An animal was considered to be thrombocytopenic if platelet numbers were less than the following low normal reference values by ascending age category (310 3 cells/ml): 99, 89, 58, and 52. Glucose was considered to be clinically high if values were greater than 137 mg/dl in a female dolphin or greater than 142 mg/dl in a male dolphin.
RESULTS
Case animals
Six Atlantic bottlenose dolphins were identified with increased serum ALT and AST activities recurring longer than 1 yr. The median age of cases was 25 yr (range 23.1 to 43.0); three (50%) were female, and three (50%) were male. One animal was captive born, and the remaining five animals originated from the Gulf of Mexico. The median duration of time that case animals had been at the MMP was 21.2 yr (range 18.7-36.5). The duration of increased aminotransferases in cases ranged from 9 to 12 yr (Table 1) , and episodic increases in aminotransferases associated with decreased appetite and activity were detected in all six cases ( Fig. 1a-f ).
Fecal flotations were performed routinely on all six animals once or twice a year throughout the study period; no evidence of parasites was reported. All animals received routine antihelmintic medications throughout the study period.
A variety of medical treatments was administered to most case animals during episodes of increased serum aminotransferases. Animals B and E had routinely reported decreases in serum aminotransferases and normal appetite following administration of low-level oral corticosteroids (oral prednisolone, 5-20 mg once a day); animal C, the only case to have consistently increasing ALT activity over time (Fig. 1c) , was the only animal not given corticosteroids or antibiotics during episodes. These results support the hypothesis that these potential hepatopathies were not steroid induced. Due to suspected Brucella-associated hepatitis in animal F, long-term doxycycline and rifampin treatment (600 mg rifampin and 600 mg doxycycline orally once a day) was initiated at the age of 22.5 yr; initiation of this treatment coincided with sustained normal serum ALT levels for greater than 200 days (Fig. 1f) . Use of doxycycline and rifampin treatments in other case animals did not demonstrate a similar significant change in aminotransferases.
Liver biopsies were collected from animal B (2001) and animal C (2007), and tissues were submitted for histopatholgic examination. Animal B was diagnosed with chronic active hepatitis and hemosiderosis possibly associated with a hemochromatosis-like condition. Reported tissue abnormalities included abundant iron, confirmed by histochemical staining, within most hepatocytes and sinusoidal macrophages; moderately increased fibrous connective tissue in portal areas extending to the border of hepatic lobules; increased bile duct and vascular profiles associated with the fibrosis; and scattered necrotic cells. Although mononuclear leukocytes and neutrophils were present within the portal triads, no infectious agents were detected with special stains. Animal C was diagnosed with diffuse, moderate hemosiderosis with mild multifocal vacuolar degeneration. Mild and moderate amounts of intracellular iron were confirmed by histochemical staining in hepatocytes and Kupffer cells, respectively. No appreciable inflammatory process was visible at the time of biopsy.
Case-control study
Twelve healthy controls were matched by age and sex to six cases. There were no significant differences in sex (cases550% females and controls550% females) and age (median age, cases524.5 yr; median age, controls525.5 yr; p50.26) when comparing the two study populations. The age range of animals in the study was 14.6 to 42.5 yr. Hematologic and serum biochemical data from 1,288 serum samples were included in the analysis; 504 (39.1%) and 784 (60.9%) were from cases and controls, respectively; analyses involv- (Table 2) .
Cases were more likely to have higher glucose, protein, globulins, GGT, bilirubin, cholesterol, triglycerides, and iron levels, and ESR and lower platelets compared to controls. There were no significant differences when comparing absolute eosinophil counts or serum albumin values.
With 
DISCUSSION
We report a series of hematologic and serum biochemical changes in six Atlantic bottlenose dolphins with episodic increases in serum aminotransferases (ALT and AST) over a minimum of 9 yr; these changes were not found in 12 age-and sex-matched control dolphins. Liver biopsies conducted on two of the cases confirmed chronic hepatitis in one dolphin and excessive iron deposition in both dolphins. While Sarcocystis (Resendes et al., 2002) , a hepatitis B-like virus (Bossart et al., 1990) , and suspected autoimmune deficiency (Bossart, 1984) have been associated with sporadic cases of hepatitis in cetaceans, two population-based studies involving stranded cetaceans in the Canary Islands and coasts of Italy reported 38% and 40% prevalence of nonspecific chronic active hepatitis and nonpurulent hepatitis, respectively (Di Guardo et al., 1995; Jaber et al., 2004) .
Increased ALT activity is the most common serum biochemistry abnormality reported in humans and dogs with chronic hepatitis (Bain and Ma, 1997) , and the most common clinical signs in dogs with hepatitis are decreased appetite and lethargy (Sevelius, 1995) . Due to the long duration of episodic increases in serum aminotransferases associated with periods of decreased appetite, significant associations of case dolphins with increased levels of inflammatory indicators (erythrocyte sedimentation rate), and previous documentation of a high prevalence of chronic, nonspecific hepatitis in wild dolphin populations (Jaber et al., 2004) , our primary tentative diagnosis for these six cases is chronic hepatitis with associated hemosiderosis. Causes of chronic hepatitis in terrestrial mammals have traditionally fallen under the categories of infectious, metabolic, or toxic. In most cases, the cause of hepatitis in mammals is unknown (Boomkens et al., 2004) . In dogs, known etiologies include canine adenovirus (Davies et al., 1961) , Leishamania spp. (Rallis et al., 2005) , Leptospira serovars (Bishop et al., 1979) , and copper storage disease (Hultgren et al., 1986; Webb et al., 2002; Hoffman et al., 2006) . However, Boomkens et al. (2004) concluded that the etiology of hepatitis in dogs is likely multifactorial.
Animal F (Fig. 1f ) maintained normal ALT levels while being treated with doxycycline and rifampin; interestingly, this dolphin had chronically high serum antibody titers to Brucella, a potential liver pathogen in cetaceans (Clavareau et al., 1998) that can respond to doxycycline and rifampin treatment. Similar responses were not reported when doxycycline and rifampin were used in other case dolphins, and liver biopsies from two cases did not indicate a primary infectious agent.
An infusion of research related to chronic hepatitis has emerged over the past 5 yr strongly supporting either concurrent or consequential infectious, metabolic, and autoimmune etiologies (Hui et al., 2002; Lecube et al., 2004; Nobili et al., 2006) . Many of these studies have focused on nonhepatic hematologic and serum biochemical indicators of potential chronic hepatitis etiologies, including iron, glucose, lipids, globulins, bilirubin, GGT, and platelets.
Iron
In our study, case dolphins had more than twice the mean value of serum iron compared to healthy controls. Further, animals B and E were diagnosed with excess iron deposition upon histopathologic examination of liver biopsies; tissue samples were not submitted from the remaining case animals. Based upon the histopathologic results and elevated serum iron levels in cases compared to controls, abnormal iron metabolism is likely associated with chronic hepatopathy in our dolphin population.
Iron overload, potentially associated with hemochromatosis, has been documented in northern fur seals (Mazzaro et al., 2004) . Similarly, increased levels of hemosiderin and iron accumulation have been reported in livers of Bedlington terriers affected by copper-associated liver disease (Hultgren et al., 1986) and in 34 dogs studied with various types of chronic hepatitis (Fuentealba et al., 1997) . Iron deposition from abnormally high serum iron may lead to liver disease; conversely, liver disease can be a risk factor for iron deposition (Bartolo et al., 1998) . If iron overload is associated with hepatopathy in dolphins, further research will be needed to determine whether or not iron deposition is the cause of and/or caused by liver disease.
In terrestrial mammals, hepcidin has been identified as a peptide associated with iron metabolism, and changes in hepcidin have been correlated with iron overload and iron deficiency (Nicolas et al., 2002) . More specifically, Nicolas et al. (2002) demonstrated associations among inflammatory disease-invoked hepcidin gene expression changes and iron metabolism.
Deposition of iron has been reported in human patients with chronic hepatitis C (CHC), and iron overload is a recognized risk factor of fibrosis in patients with CHC (Metwally et al., 2004) . Mifuji et al. (2006) found that patients with CHC were significantly more likely to have higher total hepatic iron stores and transferrin receptor 2 (TfR2) expression compared to patients with chronic hepatitis B (CHB), indicating that hepatitis C virus (HCV) may upregulate TfR2 and subsequent deposition of iron in the liver. Another study by Nagashima et al. (2006) reported that patients with CHC had poorer regulation of serum prohepcidin compared to patients with CHB; they proposed that HCV may induce poor prohepcidin regulation, leading to elevated serum ferritin levels and iron overload.
To further complicate the picture, associations have been made between insulin resistance and serum ferritin, in which the severity of insulin resistance syndrome has been correlated to increasing serum ferritin levels (Wrede, 2006) . Several studies have attempted to understand the relationships among iron overload, insulin resistance, and CHC (D'Souza et al., 2005; Palekar and Harrison, 2005) ; both Hernandez et al. (2000) and Lecube et al. (2004) found that the presence of diabetes mellitus was the primary risk factor for increased ferritin levels in patients with CHC.
Healthy bottlenose dolphins have been demonstrated to have a fasting hyperglycemia and a prolonged glucose tolerance curve that is similar to humans with diabetes mellitus; this diabeteslike physiologic response, however, appears to be a normal part of dolphin metabolism (Ridgway et al., 1970; Ridgway, 1972; Venn-Watson and Ridgway, 2007) . Our findings of high serum iron associated with chronic hepatitis in a species with a diabetes mellitus-like fasting state may be a research avenue of interest.
Hyperlipidemia and increased glucose
We report that dolphins with episodic increases in serum aminotransferases were more likely to have higher serum glucose, cholesterol, and triglyceride levels, including a higher prevalence of hyperlipidemia, compared to controls. Hyperlipidemia and increased aminotransferases can indicate steatosis (fatty change) in humans (Bayard et al., 2006) ; retrospective examination of histopathologic reports from bottlenose dolphin liver tissues at necropsy revealed that five of 18 (27.8%) animals with hepatitis had evidence of mild or moderate steatosis, confirming that fatty liver changes are associated with hepatitis in dolphins.
Chronic steatosis in humans can be caused by metabolic disease (nonalcoholic fatty liver disease, NAFLD), HCV infection, or a combination of both metabolic and viral abnormalities. Bugianesi et al. (2006) reported that patients with viralonly-associated steatosis had low serum cholesterol levels, while patients with NAFLD-only steatosis had a higher prevalence of insulin resistance and high serum glucose, ferritin, and hypertriglyceridemia. Additional studies have demonstrated that people who are heavier, diabetic, hypertensive, and hypertriglyceridemic are more likely to have both HCV infection and NAFLD compared to people that had HCV alone (Sanyal et al., 2003) ; that hyperlipidemia, steatosis, and type-2 diabetes mellitus can trigger HCV infections (Negro, 2006) ; and that some genotypes of HCV can induce steatosis (Hui et al., 2002) .
As mentioned previously, healthy bottlenose dolphins have a glucose metabolism that mimics that of people with diabetes (Venn-Watson and Ridgway, 2007) . Previous studies reported in the human literature, paired with our findings of increased glucose and iron levels and hypertriglyceridemia in dolphins with suspected and confirmed chronic hepatitis (including three dolphin cases with greater than 50% of serum samples with hyperlipidemia) may suggest that a NAFLD-like condition and an accompanying metabolic syndrome, with or without a viral infection, may play a role in chronic liver disease in our dolphin population.
Hyperglobulinemia
We found that dolphins with episodic increases in serum aminotransferases recurring greater than 1 yr were more likely to have higher serum globulins and a higher prevalence of hyperglobulinemia compared to controls. In human populations, sustained increased aminotransferases paired with hypergammaglobulinemia can be an indicator of chronic autoimmune hepatitis (Thiele, 2005) . Autoimmune hepatitis can be triggered by hepatitis C (Czaja, 1999) , hepatitis B (Nobili et al., 2006) , and hepatitis A (Tanaka et al., 2005) viruses. Patients with chronic liver disease involving both hepatitis C virus and autoimmune hepatitis were more likely to have cirrhosis compared to patients without an autoimmune component (Wu et al., 2006) .
Of our six cases, three dolphins had hyperglobulinemia for greater than 40% of blood samples collected from 1998 through 2006; at least two of these animals (B and E) traditionally responded well to corticosteroid treatment, the treatment of choice for human patients with autoimmune chronic hepatitis. Increased serum globulins, however, may increase after any immune stimulation, and hypergammaglobulinemia would need to be confirmed via electrophoresis to rule out acute phase responses to other immune stimulants, including primary viral infections.
There is evidence that hepatitis viruses may be present in cetaceans, including a hepatitis B-like virus in a Pacific whitesided dolphin with hepatitis (Bossart et al., 1990) and demonstrated susceptibility of dolphin cell lines to hepatitis A infection (Dotzauer et al., 1994) . Due to the openocean nature of MMP animal pens, means of potential terrestrial hepatitis virus exposure in our population include sewage line failures and land contamination that may occur after heavy rainstorms. To differentiate between acute phase immune response to a pathogen and autoimmune hepatitis in dolphin populations, follow-up studies using dolphin-specific IgG assays, protein electrophoresis, and viral hepatitis antibody and antigen assays are needed.
High GGT and Bilirubin
In our study, case dolphins were more likely to have higher serum bilirubin and GGT levels compared to control dolphins. Increased bilirubin and GGT levels can reflect chronic cholestatic disease associated with liver disease (Castro-e-Silva Junior et al., 1990) . Chronic cholestatic diseases may involve primary biliary cirrhosis, primary sclerosing cholangitis, or autoimmune hepatitis (Beuers and Rust, 2005; Strassburg, 2006) . Conditions involving multiple autoimmune liver diseases that affect hepatocytes and the biliary system are called overlap syndromes (Schramm and Lohse, 2005) . Retrospective examination of histopathologic reports from bottlenose dolphin liver tissues at necropsy demonstrated that four of 18 (22.2%) dolphins diagnosed with mild or moderate hepatitis had cholestasis, confirming that cholestasis is associated with hepatitis in this population of animals. In addition to assessing well-established relationships between hepatitis and cholestasis, there may be a need for speciesspecific autoantibody tests to further assess the potential for autoimmune overlap syndromes, with or without viral infections, in dolphins with evidence of chronic hepatitis and cholestatic disease.
Thrombocytopenia
We report lower mean platelet counts and a higher prevalence of thrombocytopenia when comparing case and control dolphins. Ho et al. (1999) reported a correlation between decreasing platelet count and the severity of cirrhosis in human patients; Lu et al. (2006) found that thrombocytopenia can serve as an effective indicator of chronic hepatitis that has progressed to cirrhosis. Of the six case dolphins, three had significantly higher numbers of serum samples with thrombocytopenia compared to controls; the dolphin with the greatest percentage of samples with thrombocytopenia (animal B) had periportal fibrosis and chronic hepatitis confirmed by histopathologic examination.
Thrombocytopenia has been associated with many human liver disorders, including autoimmune chronic hepatitis (Sotelo and Lopez, 2005) , thrombocytopenic purpura-associated hepatitis C virus infection (Pyrsopoulos and Reddy, 2001; Iga et al., 2005) , and herpes simplex virus hepatitis (Allen and Tuomala, 2005) . Due to decreased platelet counts and other coagulation factors, patients with liver disease are susceptible to bleeding abnormalities (Trotter, 2006) . One explanation for thrombocytopenia in patients with hepatic disease is decreased thrombopoietin, a liver-generated cytokine responsible for production of thrombocytes in the bone marrow; as functional liver mass decreases, so does the amount of thrombopoietin (Peck-Radosavljevic, 2000) . Another explanation for thrombocytopenia in patients with liver disease, especially viralinduced hepatitis, may be an autoimmune mechanism mediated by platelet-associated immunoglobulin, PAIg (Jiang et al., 2004) . While animal B had the highest incidence of thrombocytopenia, no bleeding abnormalities were reported during the study period, including the liver biopsy procedure. Further work is needed to better understand platelet abnormalities in dolphins with liver disease.
In our study, there were no significant differences in albumin levels when comparing cases and controls. Sevelius (1995) reported that hypoalbuminemia was present in dogs with liver cirrhosis and chronic progressive hepatitis, while normal albumin levels were maintained in dogs with chronic nonspecific hepatitis. Further research studying albumin levels and liver disease in dolphins may be a useful means of discriminating between types of hepatopathies.
Limitations of our study include retrospective analysis of data not collected for the primary purpose of this research, potential variation of intralaboratory hematologic and serum biochemical results due to personnel changes over a 7-yr period, and potential variation in blood panel results due to small variations in storage time before processing.
In summary, we report that bottlenose dolphins with episodic increases in aminotransferases recurring over a minimum of nine years had associated serum chemistry changes similar to those reported in mammals with combined autoimmune-, viral-, and metabolic-associated chronic hepatitis. Follow-up research focusing on each of these components, including development of dolphin-specific autoantibodies and antibody assays for hepatitis viruses, improved diagnostics for potential Brucella-associated liver infections, and better understanding of the natural, diabetes-like metabolic state of dolphins, is needed. While a high prevalence of chronic hepatitis has been reported in wild cetacean populations, additional liver tissues need to be examined from suspect cases in our population to discriminate between chronic hepatitis and other liver diseases.
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